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a b s t r a c t

Due to precision, flexibility, simplicity in construction, easy control, higher speed and lower energy

consumptions, servo presses have recently become popular in metal forming applications. Servo press

technology combines the advantages of hydraulic and conventional mechanical presses without their

drawbacks. This study presents design, construction and demonstration of a servo crank press system

for metal forming operations. The research involves structural design and analysis with dynamic

considerations of the servo press. A design and manufacturing guide is offered. The press used in this

work has a load capacity of 500 kN and stroke capacity of 200 mm. Structural CAD model is constructed,

and Finite Element Analysis (FEA) of press parts are performed within safety limits. Experimental studies

are performed on this machine. Satisfaction at the output is seen.

� 2016 Karabuk University. Publishing services by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Design is either formulation of a plan for needs or a solution for

a problem, in which some parameters are desired like functional-

ity, safety, reliability, manufacturability, and marketing

consideration. A design must have some processes such as

identification of need, definition of problem, synthesis, analysis,

optimization, evaluation and presentation. Design can involve

more than one discipline of mechanical engineering such as

dynamics, fluid mechanics, heat transfer and manufacturing

technology [1–3]. The structural design in mechanical analysis

can be applied by Finite Element Method (FEM), which is a

numerical technique for finding approximate solutions to bound-

ary value problems for differential equations. FEM allows detailed

visualization of where the structures bend or twist, and indicates

the distribution of stresses and displacements [4].

Several studies on structural design and analysis of machine

parts and tools are found in the literature [5–11]. FEM simulations

are performed by using Ansys� software [12,13] although other

software firms have started to provide dedicated analysis packages

(e.g. SolidWorks�) in recent years. SolidWorks� allows 3D CAD,

FEA, motion analysis, and simulation modules. Some studies on

use of SolidWorks� are also reported in design and analysis

[14–18]. Crank presses are assembly of slider crank mechanisms

[19]. The following studies involve crank press or slider crank

design, manufacturing, and FEA. Doege [20] designed a crank press

with a noncircular gear for deep drawing stroke motion. The study

showedmechanical modernizations for the desired motion of press

by changing gears. Spiewak et al. [21] studied on predictive mon-

itoring and control of the cold extrusion process. A crank press

and its mechanisms were defined under high loading at high

speeds. They developed a multicomputer system to present the

results showing feasibility of predictive monitoring, diagnosis

and control.

Chang and Joo [22] presented a study to support design opti-

mization of engineering products, including High Mobility Multi-

purpose Wheeled Vehicle (HMMWV). In proposed environment,

Pro/engineer� and SolidWorks� were employed for product model

representation, Dynamic Analysis and Design System (DADS) was

employed for dynamic simulation of mechanical systems including

ground vehicles, and Design Optimization Tool (DOT) was included

for a batch mode design optimization. In their research, the overall

finite difference method was adopted to support design sensitivity

analysis. A simple slider-crank mechanism and HMMWV were

optimized to demonstrate feasibility and effectiveness of the pro-

posed system. Having applied optimization is rod length/crank

length ratio is found 5. Abdullah and Telegin [23] studied dynamic

analysis of a hot-crank press. Definition of the slider-crank mech-

anism (size, mass, inertia, etc.) and deformation analyses were

given for each mechanism part. Zheng and Zhou [24] described a

flexible coupling model of the slider-crank mechanism because of
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its accuracy by using Adams�. The dynamic simulation results of

mechanism with clearance under no-load and piling conditions

were presented.

Servo presses driven by servo motors have recently come into

prominence for sheet metal forming operations due to their flexi-

bility, controllability, and simplicity. Kutuk and Dulger [25] studied

on motion design of a hybrid servo press. The press has two cranks

are driven by one servo motor and one constant velocity motor.

Halicioglu [26] has then presented a complete study on design,

synthesis, manufacturing and control of servo crank press.

A design guide involving system dynamics, load types, and

capacities are defined. Pre-strength analysis is put into rule, which

should be specified and applied. In this study, the design guide of a

servo crank press is prepared, and its structural 3D CAD model is

constructed. FEA of all parts are investigated using SolidWorks�.

Manufactured press is presented herein.

2. Description of the servo press and design methodology

A servo crank press mechanism is similar to conventional crank

press mechanism without flywheel and clutch-brake. Its parts

are servo motor with controller panels, mechanisms (crank-

connecting rod-ram), gears (pinion and main gears), bearings,

and structural body (as C frame and mono-block). Sketch of the

model is given in Fig. 1. It includes body and mechanism, in which

the crank length, the crank angle, the rod length, the rod angle, and

the slider (ram) position are represented by r, h, l, b, and y, respec-

tively. TDC and BDC refer to Top Dead Center and Bottom Dead

Center. The rod-to-crank ratio is taken as 7 [26]. Dimensional

specifications of press are given in Table 1. Table 2 presents choice

of materials for the parts of press machine referred to Coskunoz

Metal Form [27].

A design approach is considered as design guide is given in

Fig. 2. The requirements are given by press users by specifying

dynamic expectations. Having performed the dynamic analysis,

loads and motion parameters are used for the machine parts;

dynamic and static. The machine parts are designed in accordance

with a satisfactory engineering design that is necessary for 3D CAD

design. The steps on machine parts are analyzed by FEM.

The previous studies present kinematic and dynamic analysis of

crank press mechanism [26,28,29]. This study includes some

dynamic parameters that are found based on information given

in the previous studies. Press motion and dynamic loading were

represented in the previous studies. The motion profile is defined

based on ram. The most preferred scenarios are chosen for its oper-

ation. It is considered that the rated force on slider is applied less

than 7 mm stroke position for mechanical structure design.

3. Bearing design

The press mechanism’s joints are created by using hydrody-

namic sleeve bearings, roller bearings, and slide ways. Roller

Fig. 1. Sketch of the press structure.

Table 1

Press specifications.

In CE standards C type crank press

Load capacity 500 kN

Stroke 200 mm

Stroke-ram adjust 150 mm

Ram (in TDC)-bolster distance 500 mm

Bolster plate size 800 � 500 mm2

Table 2

Chosen materials for the press parts.

Tool part Material Yield

strength (MPa)

Tensile

strength (MPa)

Ram St52 360 530

Connecting rod St52 360 530

Crankshaft 42CrMo4 750 1000

Pinion shaft 42CrMo4 750 1000

Main body St37 275 370

Bolster plate St37 275 370

Main gear GS52 360 530

Pinion gear 30CrNiMo8 1050 1250
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bearings are generally used for low loaded contacts. They are used

between the main body and the pinion shaft without radial forces.

Sleeve bearings can be used under high radial forces by lubrication

systems. While main body and crank, crank and connecting rod,

connecting rod and ram are connected together by sleeve bearings,

ram and main body are connected together by sideways. As all of

the joints are under high loads in the press mechanisms with

low velocities. The most useful material for a bearing is bronze

alloy since they have superior boundary lubrication characteristics

[1,3,30–32].

3.1. Bearing design considerations

Bearing design is based on the capacity of material’s nominal

bearing stress (P) as formulated in Eq. (1) [33] where F, B and D

are nominal force, bearing width, and bearing diameter, respec-

tively. The maximum load and speed limit as well as lubricated

wear must be under the critical values. Diametric wear and energy

loss equations are given through Eqs. (2) and (3) where d, V, Eloss, K,

ts, H, f are diametric wear, speed, energy loss, wear coefficient, total

sliding time, hardness, and friction coefficient, respectively. Eq. (4)

depends on energy loss indicating to bearing temperatures. Tb, Ta,

ha, Ab are representing bearing temperature, ambient temperature,

ambient heat transfer coefficient, outer surface area of bearing

house, respectively.

P ¼
F

BD
ð1Þ

d ¼ K
PVtS
H

ð2Þ

Eloss ¼ fFV ð3Þ

Tb ¼ Ta þ
Eloss

haAb

ð4Þ

According to Eqs. (2) and (3), diametric wear and energy loss

depend on PV factor. Their values are obtained experimentally on

material catalogues. Tin bronzes are selected because of their

higher bearing stress, less diametric wear and relative cheapness

[1,3,30–32,34]. Besides, determination of B/D ratio can be taken.

Eq. (5) can be used for spherical plate bearings. K is the spherical

diameter and C is the outer ring width [35].

P ¼
F

KC
ð5Þ

Some assumptions are taken in this study. The forces, F (N) is

constant and taken as maximum value. The area, A (mm2) is vari-

able by B/D ratio. The angular velocity, W (rad/s) is constant and

taken as its maximum values. The bearing dimensions, i.e. B

(mm) and D (mm), and the bearing PV factors.

3.2. Bearing design procedure

The crank press consists of four parts: crank, connecting rod,

ram, and main body. All parts are assembled to each other with

bearings. The mechanism and their contact faces (CFs) are repre-

sented in Fig. 3. The cylindrical bearing material is selected as tin

bronze (ASTM B505) for high-load sleeve bearings [10]. The mate-

rial for other bearings are high hardenability antifriction bearing

steel (ASTM A485).

There are two bearings on the connecting rod; radial journal

bearing and spherical plate sleeve bearing. There are two radial

journal bearings on the crankshaft. There are two slider bearings

on the main body for sliding ram. There is friction between active

bearings and sleeve parts. The bearing material of ASTM B505;

Pmax = 35 MPa, Vmax = 1.3 m/s. It is desired that maximum

PV < 4 MPa*m/s [36,37]. For spherical and linear plate bearing,

Fig. 3. Contact Faces (CFs).
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Fig. 2. Design and manufacturing guide (the press machine).
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the material is ASTM A485 with static contact pressure capacity of

430 MPa and PV limit of 2.8 MPa*m/s (without oil lubrication) [35].

The steps for design of bearing are presented in Appendix A1. Bear-

ings crank–connecting rod, crankshaft–main body, and connecting

rod–ram are determined by the maximum velocity and the force

from the dynamic analysis, Table 3.

4. Structural design

Strength and size of press mechanisms and main body is

determined before 3D CAD design and assembly of each part. The

calculations are performed static since the loading of press starts

near BDC. Five parts of the press are designed according to their

safety conditions. Strength calculations and determination of the

critical part dimensions are specified for connecting rod design,

crankshaft design, ram design, gear design (with keyways), and

main body. According to forming press application, SF is selected

by classical rule of thumb Eq. (6) as 2 6 SF [38]. For the overall sys-

tem; material properties are selected by manufacturer’s values

(SFmaterial ¼ 1:1), loads are well defined as static (SFstress ¼ 1:1),

dimensions are adjusted on average manufacturing tolerances

(SFgeometry ¼ 1:0Þ, failure analysis is not well developed

(SF failure ¼ 1:3Þ, and reliability must be high (SFreliability ¼ 1:3). Yield

stresses are used in calculation of SF in Eq. (7) [39]. While the prin-

ciple strength is yield strength (ry), shear strength (sy) is consid-

ered as 0.58 ry for steel and its alloys and 0.75 ry for iron [36].

SF ¼ SFmaterial � SFstress � SFgeometry � SF failure � SFreliability ð6Þ

SF ¼
Yield strength

Allowable design stress
ð7Þ

Table 3

Bearing characteristics (Crank-Press).

Bearings (between) Velocitya (m/s) Force (kN) D (mm) B (mm) c (mm) t (mm)

Crank–Connecting rod 2 500 200 130 0.055 12–19

Connecting rod–Ram 0.25 500 95 Spherical 0.015 –

Crankshaft–Main body 2 250 95 150 0.022 8–11

Slide ways 0.15 15 35 (width) 500 – –

a Velocities are considered under maximum force.

Fig. 4. Solid model of the press: (a) complete assembly, (b) transmission

mechanism.

Fig. 5. (a) Solid CAD model of the crank assembly, (b) Loading and boundary

conditions on meshed model of the crank assembly.
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There are five parts on servo crank press: main body, crank, con-

necting rod, ram, and pinion shaft. These parts are designed

according to the bearing dimensions. There are two gears and three

keys. One of them is on the crankshaft between crankshaft and

main gear. The others are on the pinion shaft between pinion

gear-pinion shaft and pinion shaft-gear box. The maximum torque

of 20,000 Nm is considered for the crankshaft and gear ratio of 1:5

is selected between pinion and crankshaft. Maximum torque of

4000 Nm is applied on the pinion shaft. The maximum power for

system is 25 kW. Two helical gears (module: 7, angle: 5�) and three

connecting keys are designed [2,30,40].

The 3D CAD model of the press was built using SolidWorks�

where the mass-inertias were found by the software [41]. Fig. 4

(a)-(b) show 3D solid model of the system with the mechanism.

5. Finite element analysis

The strength is important for the servo press as it is treated as a

heavy duty machine tool. If strengths of parts are under the desired

values, the design must be started again. Critical parts are assem-

bled and their FEA is completed by using SolidWorks� Simulation

Toolbox [41]. Initially meshes of each part are created according

to the structure. Force and boundary scenarios are determined on

each part with FEM simulations.

5.1. Assembly of crank

Assembly of crank is constructed by crankshaft, the eccentricity

group, and the main gear in Fig. 5. It was assumed that crank

assembly is considered as mono block, and one gear contact sur-

face (1720 mm2) is fixed. Main gear is mounted on crankshaft with

a key and interference fit. Fig. 5 shows the meshed model of the

crank group. Discretization (mesh generation) is performed. The

component is divided into a number of small parts. Table 4 shows

details during mesh procedure. The mesh is high quality due to the

fact that the effect of force on each portion of the component is not

the same. Crankshaft has a constraint with journal bearings: from

two sides of bearings those are press fit to crankshaft with

60,580 mm2 surface area. Only 180� of the bearing surfaces facing

the load direction is the constraint for motion of crankshaft. This

constraint is defined as a fixed semicircular surface that is as wide

as journal bearing width. The distribution of load over connecting

rod bearing causes uniform pressure along 157� of contact area.

Since crankshaft is in interaction with connecting rod, the same

loading distribution is transmitted to the crankshaft. The force

which is 500 kN in total is considered as a pressure of 18.8 MPa

applied on the crank eccentricity contact area (41,250 mm2) near

BDC position of the ram. Fig. 6 shows the results of analyses based

on loading conditions with boundary conditions. Navy blue arrows

indicate bearings (surface area: 59,360 mm2), green arrows indi-

cate the fixed surfaces, and red arrows indicate applied pressure

on the crank assembly. The total deformation and von-Misses

Table 4

Crank simulation details.

Crank material: 42CrMo4 Main gear material: GS52

Mesh

Number of nodes: 128,300 Number of elements: 81,515

Global size: 17 mm Tolerances: 0.85 mm

FEA

von Mises stress: 749.5 MPa Max. deformation: 0.806 mm

Fig. 6. Structural analysis results of the crank assembly: (a) von-Mises stress, (b)

Deformation, (c) Factor of safety.

Fig. 7. Connecting rod assembly: (a) Solid CAD model, (b) Meshed model with loads

and fixtures.
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stresses acting on the crankshaft are found. When the force is

applied, a slight deformation with low stresses take place in the

crank assembly. The stresses acting on crankshaft are shown in

Fig. 6(a). The maximum stresses acting on the crank assembly are

indicated by red color. The deformation of crankshaft is presented

in Fig. 6(b), and Fig. 6(c) shows the values for factor of safety (SF is

indicated as FOS in simulation). Table 4 also shows details of FEA.

The minimum safety of the shaft is about one. This value is not the

actual value. There are corners on the shaft, which are very small

sections. In fact, SF is over 3 for the entire crank assembly system.

5.2. Connecting rod assembly

Assembly of connecting rod is constructed by bottom part, top

part, bearing, and screw (with knob) in Fig. 7(a). There are certain

assumptions that connecting rod assembly is considered as mono

block, and contact surface (23,300 mm2) for knob is fixed. Connect-

ing rod length is taken as 700 mm. Mesh details are given in

Table 5. Fig. 7(b) shows the meshed model of connecting rod

group. Connecting rod is in interaction with crankshaft, and hence

the same loading distribution is transmitted to the crankshaft. In

this study, the force which is 500 kN in total is considered as a

pressure of 18.8 MPa applied on the crank eccentricity near BDC

position of the ram. A fixed reaction surface is considered on the

knob. Fig. 7(b) shows loading and boundary conditions (contact

surface area: 41,250 mm2). Green arrows indicate fixed surfaces

while red arrows indicate applied pressure on the connecting rod

assembly. After the boundary conditions and forces are applied,

structural analysis of the connecting rod assembly is performed.

The main concern is the total deformation and von-Mises stresses

acting on the connecting rod assembly.

The stresses are shown in Fig. 8(a) where the maximum stresses

are indicated by red color. The total deformation is shown in Fig. 8

(b). The portions in red and blue colors show that the deformation

at those regions is the maximum and the minimum, respectively.

Fig. 8(c) presents the values for SF. Table 5 also shows results of

FEA. While the minimum safety of the shaft is about 1.5 on the

bearing, this value is actually over 3 for the entire assembly.

5.3. Ram assembly

Assembly of ram is constructed by safety block, spherical bear-

ing, and main body as given in Fig. 9(a). Table 6 shows ram mesh

Table 5

Connecting rod simulation details.

Connecting rod material: St 52

Mesh

Number of nodes: 45,820 Number of elements: 27,843

Global size: 17 mm Tolerances: 0.85 mm

FEA

Max. von Mises stress: 244.4 MPa Max. deformation: 0.559 mm

Fig. 8. Structural analysis results of the connecting rod assembly: (a) von-Mises stress, (b) Deformation, (c) Factor of safety.
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details. Certain assumptions are made such as the ram assembly is

considered as mono block and knob contact surface is fixed. Fig. 9

(b) shows the meshed model of ram group. The mesh is high qual-

ity so that the effect of force on each portion of components is not

the same. The discretization is performed in order to analyze each

small division separately. Since ram and connecting rod are in

interaction with each other, the same loading distribution is trans-

mitted to the connecting rod. In this study, an external force, con-

sidered as a pressure, of 500 kN is applied on the bottom side of

ram surface contact area of 77,600 mm2. A fixed reaction surface

is considered on the spherical knob bearing.

Fig. 9(b) shows loading and boundary conditions. Green arrows

show fixed surfaces, yellow arrows show sliding surfaces, and red

arrows show applied pressure on the ram assembly.

The main concern is the total deformation and von-Mises stres-

ses acting on the ram assembly. Fig. 10(a) shows stresses acting on

the ram assembly, in which the maximum stresses are indicated by

red color. The total deformation of ram assembly is shown in

Fig. 10(b). The deformation on ram is not the same everywhere.

Fig. 10(c) shows the values for factor of safety. Table 6 also shows

results of FEA. The minimum safety of the shaft is about 2 on the

ram safety block that is a changeable part. On the other hand, in

real case, this value is over 3 for the entire ram assembly.

5.4. Main press body

The assembly of the main body consists of several parts such as

right-left sides, bottom sides, top sides, back sides, and bolster

(table) in Fig. 11(a). Table 7 shows main body mesh details. The

main body is supported by the fins at right and left sides. The main

body assembly is considered as mono block and bottom sides are

fixed as an assumption. The meshed model of the body assembly

is shown in Fig. 11(b) with loading and boundary conditions. In

this study, three external forces are considered. They are bolster

reaction (6.4 MPa due to 500 kN) as indicated by brown arrows,

ram bearing reaction of 30 kN as indicated by purple arrows

(surface area: 2 � 96,000 mm2), and crank bearing reaction

(13 MPa due to 500 kN) as indicated by red arrows (contact area:

2 � 29,680 mm2). A fixed reaction surface (280,000 mm2) is con-

sidered on the bottom side, which is indicated by green arrows.

The maximum stresses acting on the main body assembly are seen

in Fig. 12(a) as indicated by red color. The total deformation of

main body assembly is given in Fig. 12(b) where the deformation

is not the same everywhere. Fig. 12(c) shows the values of factor

of safety. Table 7 also shows results of FEA. The minimum safety

of the body is about 2 on the main body although the overall FS

value is over 3 in general analysis.

5.5. Pinion-shaft assembly

The assembly of pinion-shaft includes a pinion gear and a shaft,

as in Fig. 13(a). The shaft is actuated by servo motor and gear box,

and hence only torque is acting on the assembly. There are

assumptions that the pinion-shaft assembly is considered as a

mono block, and one gear contact surface is fixed. Fig. 13(b) shows

the meshed model of assembly. Fig. 13(b) shows loading and

boundary conditions. In this study, the external force is considered

as a torque of 4000 Nm as indicated by purple arrows (surface

area: 55,100 mm2). A fixed reaction surface is considered on the

gear with 1960 mm2 surface, as indicated by green arrows. Navy

blue arrows indicate the bearings with 2 � 46,500 mm2. Table 8

shows pinion shaft mesh details.

Fig. 14(a) shows the stresses acting on pinion-shaft assembly.

The maximum stresses are shown by red color. The total deforma-

tion is also shown in Fig. 14(b), and Fig. 14(c) gives the values of FS.

The minimum safety of the shaft is about 1.5 on the assembly, but

the overall FS value is over 3 in general analysis.

6. Experimental implementation

Having completed structural design and analysis, servo

crank press has been manufactured is shown in Fig. 16. Fig. 15

Fig. 9. Ram assembly: (a) 3D CAD model, (b) Meshed model with loads and fixtures.

Table 6

Ram simulation details.

Ram material: St 52

Mesh

Number of nodes: 306,564 Number of elements: 205,263

Global size:14 mm Tolerances: 0.71

FEA

von Mises stress: 205.3 MPa Max. deformation: 0.077 mm
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Fig. 10. Structural analysis results of the ram assembly: (a) von-Mises stress, (b) Deformation, (c) Factor of safety.

Fig. 11. Main body assembly: (a) 3D CAD model, (b) Meshed model with loads and fixtures.
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(a) presents mechanic parts before assembly and Fig. 15(b)

shows assembly of servo crank press by equipment: servo

motor, servo gearbox, sensors and control & automation

hardware.

Manufacturing performance of the press is realized loads of

0–500 kN. Different motion scenarios are applied on the servo

crank press: crank motion, dwell motion, link motion, and soft motion

without reaction force. They are all performed with 20 spm stroke

Table 7

Main body simulation details.

Main body material: St 37

Mesh

Number of nodes: 186,401 Number of elements: 103,230

Global size: 30.8 mm Tolerances: 1.5 mm

FEA

von Mises stress: 142 MPa Max. deformation: 0.423 mm

Fig. 12. Structural analysis results of the main body assembly: (a) von-Mises stress, (b) Deformation, (c) Factor of safety.

Fig. 13. Pinion shaft assembly: (a) 3D CAD model, (b) Meshed model with loads and fixtures.
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velocity [26]. Fig. 16(a) shows command (with blue straight line) as

well as responses of the ram motion as ‘‘from motor” (with red

dashed line where data are converted from experimental response

of the motor by using kinematic equations) and ‘‘linear encoder”

(shown by green dotted line where data are taken from linear

encoder on the ram). A delay time (16 ms) is realized between

command and responses. Experimental and simulated torques for

Fig. 14. Structural analysis results of the pinion-shaft assembly: (a) von-Mises stress, (b) Deformation, (c) Factor of safety.

Fig. 15. Manufactured servo press.

Table 8

Pinion shaft simulation details.

Main body shaft material: 42CrMo4 Main body pinion material: 30CrNiMo8

Mesh

Number of nodes: 56,727 Number of elements: 36,886

Global size: 12.13 mm Tolerances: 0.6 mm

FEA

von Mises stress: 772.7 MPa Max. deformation: 0.428 mm
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dwell motion is shown in Fig. 16(b). The results show good

agreements.

7. Conclusions

Servo crank press system is constructed in dynamic and static

parts. In this study, dynamic parts are crank and helical gear, pinion

shaft and helical gear, connecting rod, and ram. Static parts are

C-type mono-block body and its welded components. The design

was started by selection of sleeve bearings since they are the weak-

est components on the press system. The design was based on the

methods of machine elements in which safety factor was selected

as two. This article presents 3D CAD modeling and FEA of the com-

ponents in servo crank press. A dedicated design approach is

employed. CAD designs for all parts are completed by considering

dynamic limits. All parts of the servo press are analyzed as struc-

tural static during FEA. The results are revealed that the press

machine has operated within the required safety limits. Different

loads and motion scenarios are successfully tested. Here dwell

motion is presented to show system implementation. System tor-

ques is also measured.
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Appendix A

A.1. Bearing design procedures

Step 1

According to dynamics of mechanism, the maximum values for

load and angular velocity in the process are found. The shaft diam-

eters for different type of bearings are defined by using these val-

ues. A chart is used (Fig. A.1). This chart is based on a life of

10,000 h for rubbing, rolling and porous metal bearings [42].

Step 2

In designing a bushing, it is recommended that length/diameter

(L/D) ratio will be in the range of 0.5 6 B/D 6 2. Using different val-

ues, B and D dimensions are determined by Eq. (A.1) [1].

Step 3

Vs is the surrounding velocity of bearing, defined by Eq. (A.1)

where W is angular velocity. Vs and PVs must be under the bearing

material’s capacity [1,30].

V s ¼
WD

2
ðA:1Þ

Step 4

Dimensionless relative bearing clearance (W) is given in Eq.

(A.2) for bronzes, which can also be obtained by Eq. (A.3). After

determining W, the clearance between shaft and bearing (c) can

be found from Eq. (A.2) where r and R are the radius of shaft and

bearing, respectively [30]. Instead of r (that is unknown), R (that

is approximately same as r) can be used in Eq. (A.2). This is neces-

sary for the determination of clearance. Recommended clearance

values range from 0.2 to 0.5% of the journal diameter [33]. R can

then be determined.

W ¼
Dr

r
¼

R� r

r
¼

2c

D
ðA:2Þ

W ffi
0:8

1000

ffiffiffiffiffi

V s
4
p

ðA:3Þ

Step 5

Film thicknesses are defined through Eqs. (A.4) and (A.5) as the

minimum (h0) and the maximum (hmax). After h0 is selected based

on Trumpler’s criteria as given in Eq. (A.4), Eq. (A.5) is given as the

eccentricity (e) [1]. This value is used in Eq. (A.6) to define the max-

imum film thickness (hmax). Dimensionless relative eccentricity ðeÞ
is found by using Eq. (A.7), which is usually desired as bigger than

0.5 [1,30].

h0 P 0:00508þ 0:00004D ðA:4Þ

h0 ¼ c � e ðA:5Þ

hmax ¼ c þ e ðA:6Þ

e ¼
e

c
ðA:7Þ

Step 6

Coefficient of friction (f) is necessary for calculation of bed heat.

Eq. (A.8) is used for friction [30]. The ratio of f=W is used in the next

step.

f ¼
1þ 2e2

3e
W ðA:8Þ

Fig. 16. (a) Ram position command and responses and (b) Motor torque simulation

and experimental results.

R. Halicioglu et al. / Engineering Science and Technology, an International Journal xxx (2016) xxx–xxx 11

Please cite this article in press as: R. Halicioglu et al., Structural design and analysis of a servo crank press, Eng. Sci. Tech., Int. J. (2016), http://dx.doi.org/

10.1016/j.jestch.2016.08.008

http://dx.doi.org/10.1016/j.jestch.2016.08.008
http://dx.doi.org/10.1016/j.jestch.2016.08.008


Fig. A.1. Bearings capacity selection chart [30,42].

Fig. A.2. (a) Thickness and flange representation of bearing, (b) the maximum and the minimum values of thicknesses and flanges [33].
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Step 7

Somerfield number (S), the characteristic number of bearing, is

found via Eq. (A.9). Generalized Somerfield number is given in Eq.

(A.10) where N is the angular velocity (rev/s), l is the viscosity of

oil film (Pa*s), and P is the bearing pressure (MPa). Somerfield

number is very important in lubrication analysis specified by

designer [1,30].

f

W
¼ 2p2S ðA:9Þ

S ¼
r

c

� �2 lN
P

ðA:10Þ

Step 8

Fig. A.2(a) presents bearing thickness and flange size as twall and

hflange, respectively. The overall thickness/diameter ratio is not crit-

ical, but the minimum and the maximum wall thicknesses with

recommended flange sizes are given in Fig. A.2(b) according to

ISO-4379 [33]. The wall thickness is calculated from Eq. (A.11) [43].

Light : twall ¼ 0:08Dþ 0:8 ðmmÞ

Medium : twall ¼ 0:08Dþ 1:6 ðmmÞ

Heavy-duty : twall ¼ 0:08Dþ 3:2 ðmmÞ

ðA:11Þ

Step 9

For hydrodynamic oil film, the lubricant flow rate (Q) is defined

by using Eq. (A.12). Here, bQ is the flow rate factor that depends on

e value, as given in Table A.1 [30].

Q ¼
60fD

2
BN

320b
½lt=min� ðA:12Þ
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Table A.1

Determination of flow rate factor (bQ) based on eccentricity (e) [30].

e 0.9 0.8 0.7 0.6 0.5

bQ (for B/D = 1) 8 12 18 25 33

bQ (for B/D = 0.5) 6 14 25 45 –

R. Halicioglu et al. / Engineering Science and Technology, an International Journal xxx (2016) xxx–xxx 13

Please cite this article in press as: R. Halicioglu et al., Structural design and analysis of a servo crank press, Eng. Sci. Tech., Int. J. (2016), http://dx.doi.org/

10.1016/j.jestch.2016.08.008

http://refhub.elsevier.com/S2215-0986(16)30400-1/h0005
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0005
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0005
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0010
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0010
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0010
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0010
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0015
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0015
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0015
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0020
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0020
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0025
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0025
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0025
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0030
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0030
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0035
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0035
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0040
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0040
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0040
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0045
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0045
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0050
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0050
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0055
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0055
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0055
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0060
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0060
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0060
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0065
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0065
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0065
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0070
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0070
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0075
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0075
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0075
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0080
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0080
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0080
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0085
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0085
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0085
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0085
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0090
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0090
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0090
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0090
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0095
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0095
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0095
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0095
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0095
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0100
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0100
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0105
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0105
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0110
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0110
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0115
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0115
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0115
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0120
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0120
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0120
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0125
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0125
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0130
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0130
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0130
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0130
http://www.macos.com.tr/
http://www.macos.com.tr/
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0140
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0140
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0140
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0140
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0150
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0150
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0150
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0150
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0155
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0155
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0155
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0160
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0160
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0170
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0170
http://rbcbearings.com/literature/pdfs/SPB052010.pdf
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0180
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0180
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0180
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0190
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0190
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0195
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0195
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0200
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0200
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0200
http://www.solidworks.com
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0210
http://refhub.elsevier.com/S2215-0986(16)30400-1/h0210
http://dx.doi.org/10.1016/j.jestch.2016.08.008
http://dx.doi.org/10.1016/j.jestch.2016.08.008

	Structural design and analysis of a servo crank press
	1 Introduction
	2 Description of the servo press and design methodology
	3 Bearing design
	3.1 Bearing design considerations
	3.2 Bearing design procedure

	4 Structural design
	5 Finite element analysis
	5.1 Assembly of crank
	5.2 Connecting rod assembly
	5.3 Ram assembly
	5.4 Main press body
	5.5 Pinion-shaft assembly

	6 Experimental implementation
	7 Conclusions
	Acknowledgements
	Appendix A
	A.1 Bearing design procedures
	Step 1
	Step 2
	Step 3
	Step 4
	Step 5
	Step 6
	Step 7
	Step 8
	Step 9


	References


